Introduction
Satellite communication can support services in areas where it is hard to construct base stations. However no obstacle should be in the line of sight and a high gain antenna which points to the satellite is necessary. Vehicles like cars and trains move, so a beam forming array antenna is required to construct high gain beams to the satellite. An adequate feed network is necessary to generate adaptive beams in a changing environment. Controlling adaptive beams requires phase shifters in the feed line of the array antennas [1] - [2] or switches to select a beam which has already been constructed by the feed network [3] - [4] . Phase shifters increase the price and complexity of the antenna system, so switched beam-forming networks have been investigated. This paper proposes a novel feed network for a 2 x 2 array antenna to construct a sectoral conical beam to communicate with satellites in geostationary orbits for Satellite Digital Multimedia Broadcasting (S-DMB) in Korea.
Beam shapes and the proposed feed network When a 2 x 2 array antenna has 1\0/2 spacing, with a uniform amplitude, maximum directivity occurs at 45°elevation (8 = 45°) and 225°azimuth (ljJ = 225°) if the phase of antenna 2 and 3 are shifted 90°and that of Ant. 4 180°from that of Ant. 1 (case 1) as shown in Fig. 1 . Side lobes occur at ljJ = 0°and 90°. Analogously, cases where the reference phase occurs at each antenna are described in Table 1 . Case 2,3 and 4 provide maximum directivity at ljJ= 135°, 45°, and 315°, respectively. Therefore the antenna beams cover all azimuth planes with 45°elevation.
A novel feed network that can excite the above phase properties for a 2 x 2 array antenna is proposed in Fig. 2 . The feed network is constructed using four 90°hybrids, one crossover, and four 90°delay lines which are connected to the one coupled port of one of the 90°hybrids. If a signal is applied at port 1, the phase of out 1 is delayed 180°compared with the phase of out 2. Also, the phases of out 3 and out 4 are delayed 90°(case 3). If a signal is applied at port 2, the phase properties of outputs become the same as case 1. The phase of outputs, when signal is excited at port 3 and 4, become symmetrical to the output phases of the port 2 and port 3. The relative phases of output signals according to the input port are listed in Table I . From the Fig. 1(a) , each output of the feed 978-1-4244-3647-7/09/$25.00 ©2009 IEEE network must to be connected to the input port of each antenna like this: Out 1 = Ant 1, Out 2 = Ant 4, Out 3 = Ant 2, and Out 4 = Ant 3.
2 X 2 array antenna with the feed network A 2 x 2 array antenna and the feed network were fabricated, as shown in Fig. 3 . Antenna element was selected by a center feed circular patch antenna with two vias [5] . The distance between antenna elements was 60 mm along the x and ydirections, which is 0.5 Aat 2.6 GHz in air. The feed network was fabricated on a microstrip substrate that has a dielectric constant of 6.5 and thickness of 0.635 mm. The design frequency is 2.6 GHz. A branch line coupler [6] was used to give a 90°phase difference at the coupled ports that have the same amplitude. The crossover [7] is shaped like a three-rung ladder that has the same width as the 50n line; distances between rungs are 0.25 A. The 90°phase shifters are realized by adjusting the line length. To obtain equal phase and amplitude characteristics in each line, each line from input to output has the same number of bends. The outputs of the feed network and input ports of the array antenna are connected with equal length coaxial cables. Radiation patterns in the ljJ = 45°p lane at 2.57 GHz were measured when a signal was applied at either port 1 or port 2 (Fig. 4) . Good agreement between the simulation and measurement was observed, and the directions of maximum power radiation were ljJ= 45°,225°for input ports 1 and 2 with e= 45°, respectively. When a signal is applied at port 3 or 4, the direction of maximum radiation is to be ljJ = 45°, 225°, respectively, by symmetry. The gain of the array antenna was 4 dB larger than that of the single antenna.
Conclusions
A novel feed network for a sectoral conical beam has been proposed. The proposed feed network can make four beams that have maximum radiation at 45°e levation by applying a 2x2 array antenna. The feed network consists of four 90°h ybrids, a crossover, and four 90°delay lines. The 2x2 array antenna and the feed network were fabricated on a microstrip structure, and performances were measured at 2.57 GHz. The measured radiation patterns showed that the maximum radiations occurred at the 45°elevation angle and at the 45°, 135°, 225°, and 315°azimuth angles, depending on the choice of the input port of the feed network. The proposed antenna structure could be implemented to receive satellite signals by integrating it in vehicle roofs. 
